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CLAIMS 

What is claimed is: 

1. Optica] alignment apparatus, comprising: 

an optical element comprising a curved surface; and 
5 an optical bench, comprising a mounting surface for mounting of an optical 

component thereon and having an opening fornied in the mounting surface, the 
opening having a size and shape suitable to engage the curved surface of the optical 
element so as to permit alignment of the optical element with the optical component 
by relative rotation of the optical element within the opening while the curved surface 
1 0 is engaged by the opening. 

2. The apparatus according to claim 1, wherein the curved surface has a center of 
curvature, and wherein tiie size and shape of the opening are such as to permit the 
alignment by rotation of the optical element about the center of curvature. 

3. The apparatus according to claim 1 or claim 2, and wherein the opening has a 
15 position in the mounting surface relative to the optical component so as to permit the 

alignment of the optical element with the component 

4. The apparatus according to any of claims 1-3, wherein the size and shape of 
the opening permit the alignment of the optical element with the component by 
translation of the optical element within the opening while the curved surface is 

20 engaged by the opening. 

5. The apparatus according to any of claims 1-4, wherein the curved surface 
performs at least one of refraction, reflection, and diffraction of electromagnetic (EM) 
radiation incident thereon, and wherein the alignment comprises adjusting a path of 
the radiation between the component and the optical element. 

25 6. The apparatus according to any of claims 1-5, wherein the optical element 
comprises a region within the optical element that is adapted to perform at least one of 
refraction, reflection and diffraction of EM radiation incident on the region, and 
wherein the alignment comprises adjusting a path of the EM radiation between the 
region and the component. 

30 7. The apparatus according to any of claims 1-6, wherein the mounting surface 
comprises a surface having predetermined dimensions. 
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8. The apparatus according to any of claims 1-7, wherein the mounting surface 
comprises a planar surface. 

9. The apparatus according to any of claims 1-8, wherein the mounting surface 
comprises at least one of a stepped planar surface, a plane ramp, and a curved surface. 

S 10. The apparatus according to any of claims 1-9, wherein the curved surface is 
engaged by the opening at one or more support regions, and comprising fixing the 
optical element to the opening while the curved surface is engaged by the opening at 
the one or more support regions. 

11. The apparatus according to any of claims 1-10, wherein the relative rotation 
10 comprises at least one of rotating the optical element and maintaining the optical 

bench stationary, rotating the optical bench and maintaining the optical element 
stationary, and rotating the optical element and the optical bench. 

12. The apparatus according to any of claims 1-11, and comprising one or more 
actuators which are configured to contact the curved surface, and which are adapted to 

15 perform the relative rotation as one of two or more rotations orthogonal to each other. 

13. The apparatus according to claim 12, wherein the one or more actuators 
comprise two actuators distributed symmetrically with respect to the optical element. 

14. The apparatus according to any of claims 1-12, wherein the curved surface 
comprises at least one further surface configured thereon, and wherein the alignment 

20 comprises adjusting a path of EM radiation transferred between the at least one 
further surface and the component. 

15. The apparatus according to claim 14, wherein the at least one further surface 
comprises a plane surface, and wherein the path comprises the plane surface and a 
region of the curved surface. 

25 16. The apparatus according to claim 14, wherein the at least one further surface 
comprise a first plane surface and a second plane surface parallel to the first plane 
surface, and wherein the path comprises the first and the second plane surface. 

17. The apparatus according to claim 14, wherein the at least one further surface 
comprises a reflecting surface. 

30 IS. The apparatus according to claim 14, wherein the curved surface has a first 
curvature, and wherein the at least one further surface comprises a further curved 
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surface having a second curvature different from the first curvature, and wherein the 
path comprises the further curved surface and a region of the curved surface. 

19. The apparatus according to any of claims 1-12, and comprising an internal 
optical element configured within the optical element, and wherein an optical element 

5 opening to the internal optical element is configured within the curved surface. 

20. The apparatus according to claim 19, wherein the optical element opening is 
configured to enable at least one of access to the internal optical element and passage 
of EM radiation between the optical component and the internal optical element. 

21. The apparatus according to claim 19, wherein the internal optical element 
10 comprises at least one of a reflective element, a refractive element, and a diffiractive 

element. 

22. A method for optical alignment, comprising: 

providing an optical element cotnprising a curved surface; and 

mounting an optical component on a mounting surface of an optical bench; 

15 and 

formmg an opening in the mounting surface, the opening having a size and 
shape suitable to engage the curved surface of the optical element so as to permit 
alignment of the optical element witii the optical component by rotation of the optical 
element within the opening while the curved surface is engaged by the opening. 

20 23. The method according to claim 22, wherein the curved surface has a center of 
curvature, and wherein the size and shape of the opening are such as to permit the 
alignment by rotation of the optical element about the center of curvature. 

24. The method according to claim 22 or claim 23, wherein the size and shape of 
the opening permit the alignment of the optical element with the component by 

25 translation of the optical element within the opening while the curved surface is 
engaged by the opening. 

25. The method according to any of claims 22-24, wherein the curved surface 
performs at least one of refraction, reflection, and diffraction of electromagnetic (EM) 
radiation incident thereon, and wherein the alignment comprises adjusting a path of 

30 the radiation between the component and the optical element. 

26. Hie method according to any of claims 22-25, wherein the curved surface 
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comprises at least one further surface configured thereon, and wherein the alignment 
comprises adjusting a path of EM radiation transferred between the at least one 
further surface and the component. 

27. The method according to any of claims 22-26, wherein the optical element 
5 comprises a region within the optical element that is adapted to perform at least one of 

refraction, reflection and diffraction of EM radiation incident on the region, and 
wherein the alignment comprises adjusting a path of the EM radiation between the 
region and the component. 

28. The method according to any of claims 22-27, and comprising configuring an 
10 intemal optical element within the optical element, and configuring an optical element 

opening to the intemal optical element within the curved surface. 

29. The method according to any of claims 22-28, wherein the curved surface is 
engaged by the opening at one or more support regions, and comprising fixing the 
optical element to the opening while the curved surface is engaged by the opening at 

15 the one or more support regions. 

30. The method according to any of claims 22-29, and comprising contacting the 
curved surface with one or more actuators which are adapted to perform the relative 
rotation as one of two or more rotations orthogonal to each other. 

31. The method according to claim 30, wherein the one or more actuators 
20 comprise two actuators distributed symmetrically with respect to the optical, element. 

32. Optical alignment apparatus, comprising: 
a holder comprising a curved surface; 

an optical element which is mounted on the holder; and 

an optical bench, comprising a mounting surface for mounting of an optical 
25 component thereon and having an opening formed in the mounting surface, the 
opening having a size and shape suitable to engage the curved surface of the holder so 
as to permit alignment of the optical element with the optical component by relative 
rotation of the holder within the opening while tfie curved surface is engaged by the 
opening. 

30 33. Optical alignment apparatus, comprising: 

an optical element comprising a curved surface; and 

an optical bench, comprising a mounting surface for mounting of an optical 
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component thereon and for engaging the curved surface of the optical element so as to 
permit alignment of the optica! element with the optical component by relative 
rotation of the optical element on the mounting surface while the curved surface is 
engaged thereon. 

5 34. Optical alignment apparatus, comprising: 
a holder comprising a curved surface; 
an optical element which is mounted on the holder; and 

an optical bench, comprising a mounting surface for mounting of an optical 
component thereon and for engaging the curved surface so as to permit alignment of 
10 the optical element v^th the optical component by relative rotation of the holder on 
the mounting surface while the curved surface is engaged thereon. 

35. A method for optical alignment, comprising: 
providing a holder comprising a curved surface; 
mounting an optical element on the holder; 

15 mounting an optical component on a mounting surface of an optical bench; 

and 

forming an opening in the mounting surface, the opening having a size and 
shape suitable to engage the curved surface of the holder so as to permit alignment of 
the optical element with the optical component by relative rotation of the optical 
20 element within the opening while the curved surface is engaged by the opening. 

36. A method for optical alignment, comprising: 
providing an optical element comprising a curved surface; 

mounting an optical component on a mounting surface of an optical bench; 

and 

• 25 engaging the curved surface of the optical element with the mounting surface 

so as to permit alignment of the optical element with the optical component by 
relative rotation of the optical element on the mounting surface while the curved 
surface is engaged therewith. 

37. A method for optical alignment, comprising: 
30 providing a holder comprising a curved surface; 

mounting an optical element on the holder; 

mounting an optical component on a mounting surface of an optical bench; 
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and 

engaging the curved surface of the holder with the mounting surface so as to 
permit alignment of the optical element with the optical component by relative 
rotation of the holder on the mounting surface while the curved surface is engaged 
5 therewith. 

38. Optical alignment apparatus, comprising: 

an optical element comprising a curved surface; and 

an optical bench, comprising a mounting surface having an opening formed in 
the mounting surface, the opening having a size and shape suitable to engage the 
10 curved surface of the optical element so as to permit alignment of the optical element 
with an optical component fixed in relation to the optical bench by relative rotation of 
the optical element within the opening while the curved surface is engaged by the 
opening. 

39. The apparatus according to claim 38, wherein the curved surface has a center 
15 of curvature, and wherein the size and shape of the opening are such as to permit the 

alignment by rotation of the optical element about the center of curvature. 

40. The apparatus according to claim 38 or claim 39, and comprising one or more 
actuators coupled to the optical bench, the one or more actuators being adapted to 
perform the relative rotation. 

20 41. The apparatus according to claim 40, wherein the one or more actuators are 
embedded in the optical bench. 

42. The apparatus according to claim 40, wherein the one or more actuators are 
attached to the optical bench. 

43. The apparatus according to claim 40, wherein the one or more actuators 
25 contact the curved surface. 

44. The apparatus according to claim 40, wherein the one or more actuators 
produce surface waves which contact the curved surface. 

45. A method for optical alignment, comprising: 

providing an optical element comprising a curved surface; and 
30 forming an opening m a moimting surface of an optical bench, the opening 

having a size and shape suitable to engage the curved surface of the optical element so 
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as to permit alignment of the optical element with an optical component fixed in 
relation to the optical bench by rotation of the optical element within the opening 
while the curved surface is engaged by the opening. 

46. The method according to claim 45, wherein the curved surface has a center of 
5 curvature, and wherein the size and shape of the opening are such as to permit the 

alignment by rotation of the optical element about the center of curvature. 

47. The method according to claim 45 or claim 46, and comprising coupling one 
or more actuators to the optical bench, the one or more actuators being adapted to 
perform the relative rotation. 

10 48. The method according to claim 47, wherein coupling the one or more 
actuators comprises embedding the one or more actuators in the optical bench. 

49. The method according to claim 47, wherein coupling the one or more 
actuators comprises attaching the one or more actuators to the optical bench. 

50. The method according to claim 47, wherein the one or more actuators contact 
15 the curved surface. 

51. The method according to claim 47, wherein the one or more actuators produce 
surface waves which contact the curved surface. 
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